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Appendix A, GAC Supporting Calculations 

Contents 
I. Data 
11. Characterization 
111. Consolidation 
IV. Sparge 
V. GAC Design 
VI. Entrained Radionuclides and Loadings 
VII. Site Worker Protection 
VIII. System Safety 

I .  Data. The data below are used in the Estimates 

Displacement rate during fill from the V-Tanks to the consolidation tanks: 

ft3 
Qd = 6.68- 

min 
This page intentionally left blank 

Pressures and Temperatures 

12.5 
P := -atm 

14.7 

Gas Constants 

L.atm 
g '  mol. K 

R .= 0.082- 

cal 
mol. K 

Rg2 := 1.987- 

T .=29EK g '  

Rg.273. 1 K 
%tar := latm 

lbmol := 4541101 

L Star = 22.39- 
mol 

Volumes/Masses/Densities 

vtks := 1200eal This is the V-Tank total volume (sludge + liquid) 

Vgas := 2.800Qal - vtks Vgas = 4000gal This is the volume of gas in the 
space above liquid in all tanks 
combined 
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'gas ' .=- 
g '  2 

Vliq:= 10032al 

Vliq 
'L:= 2 

L 
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Amount of vapor space volume per tank 

This is the volume of liquid (Vtks - Vsludge) 

This is the liquid volume split into 2 tanks 

This is the total volume split into 2 tanks 

Sludge Mass per tank 

M := 7348cg Total Sludge 

GAC density 

Molecular Weightsfienry's Constants/Solid-Liquid Distribution 

gm MWair := 29- 
mol 

gm MWTCE:= 131.4- 
mol 

L. atm 
mol 

Hdcb := 1.82- 

L.atm 
mol 

HTCA := 16.95- 

1 
HAroclor 1260 := mol 

gm MWHg := 200- 
mol 

L. atm 
mol 

HpCE:= 16.95- 

EDF-4956 
Revision 1 

Page 52 of 132 

gm MW02 := 32- 
mol 

gm MWpCE:= 166- 
mol 

gm MWTCA := 133.5- 
mol 

3.9- 
L.atm 
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L. atm 
mol 

HHg := 10.75- 

Determine the solid - liquid equilibrium constant (Hemond et a1 1993) 

kD = Koc 'foe 

(From Hemond et a1 1993) 

log(Koc) = 0.54410g(Kow) + 1.37' log(KoW) = 2.5 

(0.544.2.5+ 1.377) - mL 

gm 
KO, := 10 

Determine the foc from the TOC: 

5 mg TOC:= 1.1810 - 
kg 

- 1  foc = 1.18x 10 

For mercury: 

For PCB (using Aroclor 1260) 

2 L  KO, = 5 . 4 6 ~  10 - 
kg 
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Approximate average for 
PCE, TCA, and TCE, wide 
variety 

foc := TOC Note, this has varied somewhat with 
different revs. The current TOC is 1.07 
but the change is not that great so it is 
left at the conservative value, 1.18. 

1 L  k D = 6 . 4 4 ~  10 - 
kg 

(http://risk. lsd. ornl.gov/cgi-bin/tox/TOX-select?select=nrad) 

(From Hemond et a1 1993) 
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[l ,oo,lo,[ Kow~Aroclor1260 
L KO, Ar := 10 (Kow~Aroclor1260 ) - 
kg - 

Consolidation Tank 

Dimp := 4911 

ft3 
Qv := 300- 

min 

P.MWair 

2. .n 
NaCt := 68- 

min 

V-Tank ventilation 
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3 L  KO,-& = 1 . 9 5 ~  10 - 
kg 

ft3 
Q .=40- 
" min 

min 
(In-Leakage) 

(Ashworth 2004b) 3 m  v = 2 . 5 9 ~  10- - 
g S 

Pov,-act := 3 . 5 h ~  

kg p = 1.01- 
g 3 m 

kg pL := 1 - 
L 

Derived Units/Miscellaneous 

atm - 6  

atm 
Curie definition nc i  := 10- 9~ ppm, :=-.lo 10 - 1  Ci:=3.7.10 s 

infinity practical definition 6 
m.'= 10 hr At := lOhr fsafetv := 1c 1 '  

Mass Transfer Correlations 

- 0.4 0.7 -0.5 b l  :=O.O26W .m .s 

b2:=O.O02W .m .s - 0.7 1.9 -0.8 

(Perry et a1 1984) 
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Pow-act~(0.62- 1.8%) if E > 0.037 

Pow-act.(l - 12.2.E) otherwise 

The liquid phase mass transfer coefficients are (Perry & Green 1984): 

0.7 
kLa2 = b2.[$) .vg 0.2 

For pure water/air 

For ionic solutions/air 
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The Pg is the power reduced as a result of the air around the impeller. It is a hnction of the 
impeller diameter and the speed (Treybal 1987). 

Let 

Conditional Statement for Pg 

3 
E = 1 . 3 8 ~  10- 

- QS 
H .- u .- 

3 
Nact ''imp 

P = 3.44hp g 

0.4 
kLal := bl.[$) .vg 0.5 

0.7 
kLa2 := b2.[$) .vg 0.2 

Note, the Pg is the "gassed" power 

3 - 1  kLal = 8 . 7 6 ~  10- s 

- 2  - 1  k ~ ~ 2 =  1 . 6 6 ~  10 s 

Although the solid mass transfer is expected to be much higher than kLa, there is still a certain degree 
of uncertainty. Therefore, use the worst case kLa of the above 2. 
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Since this is for air, adjust for TCE related to the difhsivities in water for the two solutes by 
(Thibodeaux 1979, Crow1 et a1 1990): 

3 

1 - 
3 

MW air 

MWPCE 
.-k .[ 1 kLa-PCE.- La 

1 - 

Ddcb 1- -- - l- 
Dair J MWdcb 

1 - 

1 - 
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I1 Characterization 

To determine the applicable VOCs, data from two characterization reports (Tyson 2003, Tyson 
2004) were used. However, these data needed to be filtered. The prescription used was to retain 
any component that had a detected concentration. For the V-tanks, this prescription was 
applicable for any tank in either phase. This was done at the 95% confidence level with the 
detect values used for any of the wastes where at least one detect value was listed (i.e., for the 
V-tanks, if one tank had an actual number where one or more of the other tanks had detect 
values, the detect values were averaged together with the actual numbers). This was done at the 
95% confidence level using the Microsoft Excel hnction TINV(probability, degrees of 
freedom). 

Ci(95%) = Ci + T1N$'€',df).~, 

For the 2-tailed probability: Ly = 0.1 

The standard error, E ~ ,  and the degrees of freedom, df, were taken from the characterization reports 
(Tyson 2003 and Tyson 2004), where the second report accounts for the miscellaneous effluents 
that will be added. In general, the addition of these waste streams have a minor impact on the 
original characterization of the V-tanks, except for the additional TCA from ARA- 16 that is 
approximately 25,000 mg/kg in the sludge. The report discussing these waste streams (Tyson 
2004) provides weight-averages for the various detected constituents. Basically, the method 
follows: 

1. Individual averages, standard errors, and degrees of freedoms were calculated for both 
sludge and liquid in all four V-tanks. 

Let the sludge phase concentrations of a component in Tank V-1 be represented by 
XI, x2, x3, a, and x5. In this instance, the sludge phase concentration for a component 
was represented in terms of an average x, a standard error s,, and a degree of freedom 
equal to 4. 

2. Calculate the weighted average concentrations for both sludge and liquid for the entire V- 
tank waste 

From Step 1, individual components in each V-tank have an average concentration with a 
standard error and a degree of freedom. The weighted average was calculated using the 
volumes, densities, and the solids concentration in the sludge. Each of these parameters 
has average values with their own standard errors and degrees of freedom. The final 
weighted averages for a given component in the entire V-tank is then expressed as an 
average value with a calculated standard error and a calculated degree of freedom. 
Appendix B of Tyson 2003 shows how to calculate the standard error and degrees of 
freedom (propagation of error). 
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3. Individual averages, standard errors, and degrees of freedoms were calculated for 
both sludge and liquid in all of the other waste steams that are to be added to the V- 
tank consolidation and treatment system. 

4. Using the averages computed in Steps 2 and 3, calculate the overall composite waste 
stream weighted average, standard error, and degree of freedom for both phases. 
From these values, the 95% upper confidence limits for both liquid and sludge phase 
can be calculated as: 

x,,, = x + set 

where t is a normal distribution value based on degrees of freedom and 
95% upper limit. 

The next filter consisted of finding the dimensionless form of Henry's Law and comparing it 
to 0.0 1 (http://www.cpeo.org/techtree/ttdescript/airstr.htm). If less, then the organic is 
considered SVOC and not included. For example, all of the phenols were filtered by this 
process as their H's were less than 0.01. The dimensionless form (H') is found by dividing the 
L-atndmol form by RT. Note, this isn't a temperature correction. A temperature correction is 
given by Sander (Sander 1999). 

H (L * atm / mol)) 
R(L * atm I mol I OK) * T(298"K) 

H '  = 

The following Table A. 1 provides VOC data extracted from the characterization report (Tyson 
2003 and 2004) and recent Henry's Law values along with their equilibrium vapor values 
(Sander 1999) It is provided as raw data. 

Sander used kH which is 1/H where H is the one used in this EDF and H' is the dimensionless 
form. The definition for Henry's Law for relating the gas partial pressure of a component to it's 
liquid phase concentration is: 
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III. Consolidation 

111.1 Equilibrium of Weighted Average Tank Contents 

Need the composition of the vapors using vapor-liquid-equilibria via Henry's Law. For 
Henry's Law to be valid, the water mole fraction needs to be near one. This isn't strictly 
true in this case but the results are believed to be conservative. Also, it is assumed that 
the equilibria is water-gas and the other phases (e.g., TCE-sludge) do not contribute. 
This is a typical assumption, i.e., using the top or continuous phase for emission 
properties (http://www.epa.gov/ttn/chief/faq/tanksfaq.html). These are simply the values 
in Table A. 1 for the composite, weighted-average V-Tank VOCs and Hg. 

111.2 Transient and Steady-State VOC Concentrations During Consolidation 

111.2.1 
111.2.2 
111.2.3 
111.2.3. a 
111.2.3. b 
111.2.3. c 
111.2.4 
111.2.4. a 
111.2.4. b 
111.2.4. c 

Problem Statement 
Derivation of Model 
Data 
Vx Worse Case 
V9 Worse Case 
Consolidation Tanks 
Results 
Vx Results 
V9 Results 
Consolidation Tank Results 

111.2.1 Problem Statement 
Determine vapor phase concentrations of PCE, TCA, TCE, and Hg with no mitigation 
during V-Tank Consolidation. The figure below (Figure A. 1) shows the configuration. 
Initially, the V-Tank vapor is at equilibrium at t = 0. This is soon diluted by the 
incoming air and reduced to near zero. The wand at the left indicates energy input that 
will impact the mass transfer coefficient. The consolidation tank is assumed to be 
always at equilibrium while filling, the highest concentration possible in the vapor 
phase. Figure A.2 shows cross sections for velocity determination used for mass 
transfer purposes. These calculations are used for the consolidation design flowsheet. 
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Figure A.l 

Figure A.2 

Flow through 
segment, v = 
QIA segment 

111.2.2 Derivation of Model 

2 differentials to solve 

segment, v = 

Balance on the vapor space 

Balance on the liquid space (as explained in 
Appendix B) 
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Solve the 2nd to put into the first assuming p/H is zero (worse case) 

- K.A 
-.t 

VL CL = CLo.e 

Resulting in: 

Solving via an integrating factor: 

J 
I = e  

Multiply both sides by I 

I =  exp --.t (v 1 
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const 

a t t  = 0, Cg = Cgo 

.K.A.CLo VL 
const = C - 

go -K.A.V + Q.VL g 

simplify equation by 

A p = -K.- 
VL 

Q y = -- 

vg 

The mass transfer coefficient, K, is a hnction of velocity, T, and energy from the hosing and 
jostling, etc (fsafety). This is not easily correlated so a safety factor is used. 
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K = f ( V > T > f & ~ )  

To find the velocity, it is the Q/A of the segment shown below for V- 1, -2, and -3. 

For oxygen, a tank test coefficient with wave action (an analagous situation) coefficient 
is given by Thibodeaux 1979 vs. wind speed. The coefficient is based on the figure 
below (Figure A.3): 

Figure A.3 

KL for 0 2  with Wave Action 

12 

10 

L 8  
f 
5 6  
Ai 

* 4  

2 

0 
0 1 2 3 4 5 6 7 

Wind Speed, mls 

It has an assymtope at 4 c d s  and will apply for all cases since the velocity is so low. For 
various situations, the K needs adjustment for different molecules and as a hnction of 
temperature. 

Boundary layer theory suggests the following relation between K and difhsivity (Thibodeaux 1979): 

According to Graham's Law of difhsuion: 
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1 - 

Leading to: 
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According to BSL (Bird et a1 1960 ) diffusion and hence K is 1st order in 
temperature and viscosity. However, the viscosity of liquid is exponential in 
temperature so use a viscosity ratio for V-9. 

NAV'h RT 2 
p = (') .-.e 

Vm 

Assuming all of the other items stay constant: 

The AG/R has been found by experiment (Bird et al) to be 3 .8  x boiling temperature. The entire 
correction from oxygen to i and using a correction and safety factor is: 
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111.2.3 Data 

III.2.3a V, Worse Case 

The air in-leakage flow to the Vx tanks should be no greater than the V9: 

ft3 
a9 '  min 

Q .= 191- From EXCEL vaccum balance and all standard 

ASeg = r 2 .aces ( r i H ) - ( r - m J 2 r l l l 1 2  - 

Dvx:= loft 

Qax v := - 

Acx 

Lx:= 19.R 

Volumes 
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Since there are velocity and area 
effects, use the mid point for Vx, 

simplifying the area to nD2/8 

1 2  ACx=3.93x 10 ft 

- 2 f t  - 2 m  As this is less than 3 d s ,  the 
v = S . l l x  10 - v = 2 . 4 7 ~  10 - 

S S assymtope is used and K is same for 
both tanks except for T correction. 

3 VLx=5.79x 10 gal 

Need a reasonable time to remove a Vx tank, say 24 hr: 

zX:= 24hr 

The mass transfer area is based on the plan view: 

v .= VL> gx. 

2 Aix:= 1oft.19.5ft Aix= 1 . 9 5 ~  l&ft 
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PCE 
TCA 
TCE 
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v- 1 v-2 v-3 v-9 
2.1 1 E-01 4.1 8E-02 4.16E-02 7.29E+01 
4.1 8E-02 4.1 8E-02 4.16E-02 1.80E+02 
2.41 E-01 4.52 E-0 1 3.00E-01 6.36€+02 
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Tx:= 29% 

Concentrations (Tyson 2004) 

I I V-Tank Liquid Comlsositions @95%UCL. ma/L 

I Hg I 4.02E-01 I 4.18E-03 I 4.16E-03 I 0.563 

C L ~ P C E ~  
PPCEX' HPCE 

MWPCE 

PP CE@W T CE 

Rg.Tx 
'goP CEx := 

'goPCEx 6 
.%tar. 10 

MWPCE 

MWTCA 

MWTCA 

- 5  ppcEx= 2 . 1 5 ~  10 atm 

1 . 1 6 ~  10- ' 3  
CgoPCEx' L 

1 
CgoPCExgpm= 1.56x 

- 6  P T C A ~ =  5 . 3 1 ~  10 atm 

2 . 9 ~  lop2% 
'goTCAx = L 

0 
CgoTCAxgpm = 4.86 
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'goTCEx 
. s ta r . l '  

MWTCE 
CgoTCExgpm := 

star.1 '  ~. 
MWHg 

'goHgxgpm := 

- 5  p ~ ~ ~ ~ ' 3 . 4 4 ~  10 atm 

CgoTCEx= 1 . 8 5 ~  10- 1 %  
L 

CgoHgx = 1 . 7 7 ~  10- 1 %  
L 

1 
= 1 . 9 8 ~  10 CgoHgxJPm 

According to BSL (Bird et a1 1960) diffusion and hence K is 1st order in temperature 
and a function of viscosity. Since this is assumed ambient, there is no adjustment. 
Therefore, the final, adjusted K is: 

1 - 
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1 
CgoTCExgpm= 3.15x l o  
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Qax 

vgx 
Y .=-- X '  

VLX 
aPCEX' 'KPCExAix 'LoPCE: 

-KPCExAix 'gx + Qax"Lx 

Aix 
pPCEX= -KPCEx- 

VLX 
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1 - 1  1 yX=-2.47x 10 - 
min 

- 3 mg apCEx= 2 . 7 6 ~  10 - 
L 

- 3 mg aTCEx= 6 . 3 9 ~  10 - 
VLX 

a TCEX:= -KTCExAix 'gx + Qax' 'Lx 'KTCExAix 'LoTCE: L 

- 3  1 pTCEx= - 3 . 4 4 ~  10 - 
Aix 

~ T C E ~ : =  -KTcE~- VLX min 

- 3  1 pHgx= - 2 . 9 9 ~  10 - 
min 
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v-2 v-3 v-9 

III.2.3.b V9 Worse Case 

T9 := (460+ 170)R 

TCA 
TCE 
Ha 

T9=3 .5x  l&K 

4.1 8E-02 4.1 8E-02 4.16E-02 1.80E+02 
2.41 E-01 4.52 E-0 1 3.00E-01 6.36E+02 
4.02E-0 1 4.1 8E-03 4.16E-03 0.563 

70 
2 

VL9 := -gal 

400 
vg9 := Tgal 
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Since volumes change with 
time, use average to simplify 

I PCE I 2.11E-01 I 4.18E-02 I 4.16E-02 I 7.29E+01 I 

PPCE9MW TCE 
'goPCE9 := 

Rg.T9 

'goPCE9 

MWPCE 
. s t a r .  1' CgoPCE9gpm := 

PTCA9 := HTCA 
'LoTCA9 

MWTCA 

- 3  PpCE9'7.44~ 10 atm 

3 
CgoPCE9gpm = 4.6 
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PTCA9'MW TCA 
'goTCA9 := 

Rg.T9 

'goTCA9 
CgoTCA9gpm := ' s t a r .  1' 

MW TCA 

'LoTCE9 
PTCE9:' HTCE' 

MWTCE 

PTCEYMW TCE 
'goTCE9 := 

Rg.T9 

'goTCE9 
CgoTCE9gpm := . s ta r . l '  

MW TCE 

'LoHg9 

MWHg 
.-H .- pHg9 .- Hg 

PHg9'MW Hg 
'goHg9 := 

Rg.T9 

'goHg9 
star.1' -. 

MWHg 
'goHg9gpm := 

The boiling points are from Lange's (Dean 1985): 

TbpC~:=(121+  273)K TbTCA := (74 + 273)K 
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4 
CgoTCA9gpm = 1.78x l o  

4 
CgoTCE9gpm= 3.78x l o  

- 5  pHg9 = 3 . 0 3 ~  10 atm 

1 CgoHg9gpm = 2 . 3 6 ~  10 

Find the viscosity ratios: 
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Therefore, the final, adjusted K is: 

KPCE9:=K02[ MW02 1 'fsafety '[5)'kat-PCE 

MWPCE Tamb 

KTCA9 :=K02[ MW02 1 'fsafety '["]'kat-TCA 

MWTCA Tamb 

'TCE9:="02[ MW02 1 'fsafety '[5)'kat-TCE 

MWTCE Tamb 
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Need to determine a reasonable time to remove V-9, say 4 hr 
4 z9 := 4hr z 9 =  1 . 4 4 ~  10 s 

assume 4 x volume generated during removal v9 := 4.VL97 

Dv9  := 4211 

0 2  Ai9= 9 . 6 2 ~  10 fi 

The flow is less than the Vx tanks since it's going through a 6 in nozzle 

L1:= 3ft 

DV9 r := - 
2 

The height above the liquid level 

The area for finding the average velocity is: 

J O .  533m 

J O .  533m 

Qa9 
v9 := - 

Ai9 

Qa9 
y9 := -- 

%9 
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- 1  r - 5 . 3 3 ~  10 m 

1 0 1  
y 9 = - 7 . 1 4 ~  10 - 

min 
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Li, 

aPCE9:' 'KPCE9Ai9 'LoPCEl 
-KPCE9Ai9Vg9 + QaS"L9 

VL9 
aTCA9 := 'KTCA9'Ai9 'LoTCA9 

-KTCA9'Ai9 'g9 + Qa9' 'L9 

Vi a 
Li, 

a TCE9:= 'KTCE9Ai9 'LoTCES 
-KTCE9Ai9 'g9 + Qa9"LS 

aHg9 := -K 'KHg9'Ai9 'LoHg9 
Hg9'Ai9 'g9 + Qa9"LS 

111.2.4. Results 

III.2.4.a V, Results 
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The amount coming from V-x tanks is initially at equilibrium then falls off and becomes zero 
once all of the contents have been removed. 
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PCE/Vx Results 

Concentration vs. time: 

The time weighted average (if zx > At, use At): 

- 1  
T W A ~ C E ~ =  2 . 6 9 ~  10 ppmv 

The total amount over the run time: 

TCAlVx Results 

Concentration vs. time: 
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The time weighted average: 

- 2  T W A T C A ~ =  7 . 4 ~  10 ppm, 

The total amount over the run time: 

- 3  mTcAx= 1 . 1 4 ~  10 kg 

TCE/Vx Results 

Concentration vs. time: 

The time weighted average: 
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- 1  TWATCE~= 6 . 6 6 ~  10 ppm, 
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The total amount over the run time: 

HgIVx Results 

Concentration vs. time: 

2 mg CHgx(Oh') = 1 . 7 7 ~  10 - 
3 m 

The time weighted average: 
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0 mg TWAHgx= 3 . 4 5 ~  10 - 
3 m 

The total amount over the run time: 
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t :=Oh, lmin.. lOmir The results are plotted in Figure A.4. 

t =  
0.100 
1.100 
2.100 
3.100 
4.100 
5.100 
6.100 
7.100 
8.100 
9.100 t 1.101 

‘PCELt) = 
mir 

I 9.68.100 I 

3.07.1 00 

11.65.1001 

CTCEL~) = 

I 1.97.101 I I 3.01.100 I 
1.56.101 
1.24.1 01 I 9.93.1 00 
7.99.1 00 1.18.1 00 

I I I I I 

\ 

\ 

\ 

0 100 200 300 400 500 600 

t 

III.2.4.b V9 Results 
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cHgx<t> = 

1.39.102 
1.1.102 ppmvH 8.69.101 

mg 
3 m 

6.89.101 
5.49.101 I 4.39.101 

I 2.34.101 I 
I 1.93.101 I 

The amount coming from V-9 is initially at equilibrium then falls off and becomes zero once 
all of the contents have been removed. 
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PCE/V9 Results 

Concentration vs. time: 

pPCE9't 
CpCEdt> := .[ apcEge + ('goPCE9- aPCE$C19't]'@(T9 - t, 

MWPCE 

3 
cpCE@i) = 0 x 10 0 Cpc~S(0hr) = 4 . 6 ~  10 ppm, 

The time weighted average: 

The total amount over the run time: 

TCA/V9 Results 

Concentration vs. time: 
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The time weighted average: 

The total amount over the run time: 

p TCA9 ' 
+ ('goTCA9 - 

- 1  ~ T C A ~  = 1 . 0 4 ~  10 kg 

TCE/V9 Results 

Concentration vs. time: 

4 
cTCE+~) = o x 10 0 C ~ c ~ S ( 0 h r )  = 3 . 7 8 ~  10 ppm, 

The time weighted average: 
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The total amount over the run time: 
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HglV9 Results 

Concentration vs. time: 

2 mg CHg9(Oh) = 2.1 1 x 10 - 
3 

The time weighted average: 

The total amount over the run time: 

- 4  q g 9  = 1 . 9 9 ~  10 kg 

t :=Oh, lmin.. lOmir The results are plotted in Figure A.5. 
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t =  ‘PCEdt) = CHg9(t> = 

1.09.100 

ppmw 1.94.102 l*l 0.100 

5.100 

1.101 

PPm” mg 
3 m 1.38.101 

1.44.102 3.91.101 I 9.96.10-1 I 
1.26.102 

3.23.1 01 I 7.5.10-1 I 13.03.1011 
6.82.1 0- 1 

9.35.1 00 

I 8.22.100 I I 9.11.101 I 

Figure A.5 

0.04 

0.02 
CPCE9(t) 

0 
0 100 200 300 400 500 600 

t 

III.2.4.c Consolidation Tank Results 

During fill and thereafter, assume equilibrium at the leakge rate. 

PCE/C Results 

‘PCEc:= cPCEdohr) 

TCA/C Results 

CTCAc := cTCA9(ohr> 

3 C P C E ~ =  4 . 6 ~  10 ppm, 

4 C T C A ~  = 1 . 7 8 ~  10 ppm, 
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TCE/V9 Results 
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4 CTC+= 3 . 7 8 ~  10 ppm, 

2 mg 
3 m 

CHgc=2.11X 10 - 
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I K  Sparge the tanks to remove VOCs 

Demonstrate that the 3 main VOCs can be removed in reasonable time. Also, determine the time to remove 
the worst-case VOC,i.e., 1,2 dichlorobenzene (H' = 0.07). 

In Appendix B it is shown that the solids-liquid mass transfer coefficient is not rate limiting. 
Further research indicates that this is the case based on mixer correlations. Therefore, only the 
liquid-phase transfer coefficient is required. While a more conservative kLa was used in EDF- 
4602 Rev. 1, additional research has indicated that the correlations are consistent and predict 
fairly rapid removal. 

The transient balance on 1,2-dcb for the solids: 

Solve for p in terms of X: 

Qs 

%tar 
Os := - 

mol 
os = 0.843- 

S 

Since kSkD >> kLa (See Appendix B) 

At any point in time, the mass transfer rate is: 

Since OJ << as (assumed, this assumption gets worse at lower flow): 
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kg. atm 
A = 0.03- 

P'Hdcb 'kLa-dcb 'Mtk 
p = AX A := 

os'Hdcb + kLa-dcb'Mtk'kD'P mol 

Now the derivative can be integrated 

(Xf - 1 d X =  -kLa.(l - A,:) 
X 

For 99% removal 
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In( 0.0 1) 
t := t = 168.04hr 

Also show as a hnction of time: 

The above shows that DCB takes longer than the nominal target of 42 hours. 

Based on sample extractions during recent sonication testing at MSE, the values for PCE, TCA, and TCA 
could be off by certain factors (Miller 2004). However, the 95% UCL values are used. 

x, mg/kg 
PCE 1.46E+03 
TCA 6.60E+02 
TCE 4.62E+03 
Hg 5.84E+02 
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Check each of these individually to determine if they will be removed by 99% in the sludge phase. The 
target is 6 mgkg based on total concentration. It is also desired to check the vapor concentration to 
determine range and accuracy of the VOC PID detector. 

P'HPCEkLa PCEMtk 

XPCE-f 
CTPCE:' + v .  , p  

11q L 

'PCE XPCE-f 

P'MWPCE 
YPCE-f := 

1 kg. atm 
mol 

ATCA=2.6x  10- - 
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CTTCA:= + v ,  , p  

11q L 
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XTCE-f 
CTTCE:' + v ,  , p  

11q L 

For mercury 
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tTCE=3.54x 10 1 hr Note: changed to 99.5% 
to get CT < 6 mgkg 

kg. atm 
'Hg = o.21nol 
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Therefore, a reasonable time is obtained. There will be some that are not completely removed. 
However, the ones predicted to take longer are likely artifacts of characterization. A 42 hour 
number is used as it is near an average time to remove 99.9% of the main three VOCs. 

Determine the average, 42 hour, average concentrations based on the 56.4 kg total and total 
concentrations in the liquid 

Using PCE again as an example: 

YPCEgpm= 5 . 2 ~  1& 

The rest are calculated similarly and put in a table (Table A.3) and in the body of the report under 
consolidation. Table A.3 is an average based on removing 56.4 kg of VOCs in 42 hours assuming all of 
the contaminates emit at the same, constant rate. 
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Table A.3 

Demonstrate that SVOCs are insignificant from sparging using Aroclor 1260 (Ar) as an example. 

P'HAroclorl 260kLa-Ar'Mtk 

ms'HAroclorl 260 + kLa-Ar'Mtk'kD-Ar'P 
A h  := 

mg 

kg'MWAroclor1260 
X h  := 144 

3 kg. atm 
mol 

A & =  1 . 1 1 ~  10- - 

pAr = 4.91 x IO- 7atm 
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Hence, the SVOCs are insignificant 

Calculate the initial concentrations and 42 hr-TWA for the main components PCE, TCA, TCE, and Hg: 

APCEXPCE 

MWPCE 
P o P C E  := 

- 3  p, PCE= 2 . 2 8 ~  10 atm 
- 

- 3  p, TCA = 1 . 2 8 ~  10 atm 
- 

- 3  p, TCE= 5 . 4 2 ~  10 atm 
- 

The initial concentrations in ppm, are: 

P o P C E  3 C, PCE= 2 . 6 8 ~  10 ppm, Co-PCE := 7 - 

3 C, ~ c ~ = 1 . 5 1 ~  10 ppm, 
- 

3 C, TCE = 6 . 3 7 ~  10 ppm, 
- 

Note: diluting from 40 scfm to 233 scfm and using the integral average (Chapra et a1 1998) 

f(x) ax J’” a 
mean = 

b - a  
At42 := 42h1 DF := 20( Ate := 42.h 
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TWAPCE = 253.57ppmv 

TWA-TCA = 1 . 4 3 ~  l&ppmv 

The maximum concentration for mitigated TCA to compare to the IDLH: 

TWA-TCE = 101 1.81ppmv 

Mercury 

3 1  kLaHg = 4.6 X 10- - 
S 

1 kg. atm 
mol 

AHg=2.04x 10- - 

pHg = 5 . 9 6 ~  IO- 4atm 
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3 mg C 0 H g  = 4 . 8 8 ~  10 - 
3 m 
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K GACDesign 

A conservative design is to determine the worst-case isotherm (available) and design using the 
total mass (Army 2001). Of the 3 main VOCs, TCA is the worst-case isotherm based on having 
the lowest curves provided by the vendor (TIGG). 

The data for TCA is vectorized from the TIGG data in Table A.4 and plotted in Figure A. 1. The 
powerfit (standard Mathcad curve fit routine) values are plotted in Figure A.2: 

Table A.4 

From TIGG @ 80%RH, 100°F 
ppmv Ig/loog I I 

10000 

Figure A.l 

6o l -7 
5000 

Y 

b Assume Powerfit f(x) = ax + c 

guessed vector for constants 

2 '  

4 

7 

16 

27 

41, 

y is ppm per Table A.4 

Range 

y := 

0.1 

1 

10 

100 

1000 

10000, 

Domain 
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9 . 0 3 ~  10 

1 . 7 8 ~  10- 

- 4 . 8 7 ~  10 

Set the range to plot the domain to 

y := 0,lO.. 1000( 

Figure A.2 shows the smoothed hnction 

Figure A.2 

0.178 qpwr(y) := 9.0% - 4.8: 
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y TCAgpm := (From Table A.3, 
average concentration 
for TCA) 

I 
qpwr(YTCAgpm) = 1.33x l o  

0 5000 1 .lo4 
Y 

The mass of VOC is 56.4 kg total 

56.4g 
MGAC-est := . lo (  MGAC est = 934.onb about 20%, a reasonable 

- 
qpwr(YTCAgpm) value 

From the vendor information, the sulhr is 13% do the fraction of carbon is: 

FrC := 0.8: 

The amount of S-GAC needed by this conservative procedure is: 

MGAC-est 
MSGAC := FrC 

3 MSGAC= 1 . 0 7 ~  10 lb 

Each TIGG unit has 400 lb of S-GAC so that the number of units is: 
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MSGAC 
NSGAC := 
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2 Si=  1 . 4 ~  10 lb 
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or 3 units. Since the operation is in 
parallel, it will be difficult to change 
out like that so the the order should be 
for 4 units. 

Easily accounting for the total 
Hg of 4 kg 
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VI Entrained Radionuclides and Loadings 

To find the loadings for radionuclides, an entrainment function is needed. This was determined by 
plotting the upper curve of C' vs. DF in Figure 1 1-3 1 of Perry's 4th ed. This provides a particulate 
entrainment for evaporating liquid liquid, kg in vaporkg liquid. 

Where 

Ib 
Gair = 1.93- 

9 

ft".hr 

Qs.p g G .  .=- 'air 
air. 

*tk 

- 1  ft Cair= 9 . 7 1 2 ~  10 - 
hr 

i UnitsOf( Cair cair) 1 '3062 
Ep := 2650.4 4 kg 

kg 
Ep = 4 . 7 2 2 ~  10 - kg of vapor per kg of entrained 

liquid 

Applying this to the radionuclides using Sr as an example (using total concentration as an example): 

3 nCi CSr. p g - 11 Ci 
Csr:= 1.21.10 - Y Sr := ysr=2.586x 10 - (A gas phase liquid 

concentration based on 
liquidsolid 
concentration) 

mL %'pH20  L 

Compare this to plotting the data provided by Othmer (Othmer et a1 2004). 

QS v := - 
. n 2  
i ' D t k  

UnitsOf (v) 
E, := 2.752 

- 3 f t  ~ = 8 . 4 9 ~  10 - 
S 

The gas phase concentration is then: 

5 kg 
kg 

E, = 3 . 2 ~  10 - kg of vapor per kg of entrained 
liquid 
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Use the Perry's data since it is higher. 

The emission rate equals the deposition rate assuming no DF for upstream equipment: 

- 7 Ci 
rSr=2.6x 10 - 

hr rSr := Y Sr' Qs 

rsf ts.2 
LSr := - 

MSGAC 

8 Ci 
Lsr=4.479x 10- - 

kg 

- 3 kg 
p = l . O l x  10 - 

g L 

Assuming that there is a DF of 50 from the scrubber and 100 for the HEPA: 

DF, := X DFH := 10( 

LSr 
LSr2 := 

DF;DFH 

An Excel spreadsheet was determined for these including accumulation charts based on (e.g. scrubber): 

QS 
C(1iquid) = 

'scrubber 
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VI1 Site Worker Protection 

Mercury was previously targeted for removal. Since the APAD did not identify any problem with 
mercury, it's based on local worker protection. 

Calculate the time weighted average (TWA)-threshold limit vale (TLV) for PCE, TCA, and TCE based on 
the C vs. t relation: 

APCEXPCE 

MWPCE 
P o P C E  := 

ft3 
Qs := 40- 

min 

- 3  
po pCE= 2 . 2 8 ~  10 atm 
- 

- 3  po TCA = 1 . 2 8 ~  10 atm 
- 

- 3  
po TCE= 5 . 4 2 ~  10 atm 
- 

ft3 
QT := 230- 

min 

The initial concentrations in ppm, are: 

P o P C E  Qs 
C0pCE := 7'- 

QT 

Note: diluting from 40 scfm to 230 scfm and using the integral average (Chapra et a1 1998) 

f(x) ax 

mean = 
b - a  

At := lOhr DF := 20( Ate := 42.h 
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TWA PCE = 0.85ppmv Less than the TLV of 25 TWA - 

The maximum concentration for mitigated PCE to compare to the IDLH: 

The emission rate for PCE is: 

TWA-TCA = 4.79x io- ppmv Less than the TLV of 10 TWA 

The maximum concentration for mitigated TCA to compare to the IDLH: 

C,-TCA 0 
co-TCA-max := DF Co-TCA-max = .3 l o  PPmv 
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The emission rate for TCA is: 

- 4  lb 
RTCA = 6 . 3 6 ~  10 - 

hr 

TWA-TCE = 0 Less than the TLV of 2 T7 
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TA 

The maximum concentration for mitigated TCE to compare to the IDLH: 

The emission rate for TCE is: 

A T C E . ~ D  The emission rate is: phr 
MWTCE I I ~ [-kLa-TcE['- HTCE 1.4 dt 
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Mercury 

1 kg. atm 
mol 

AHg=2.04x 10- - 

ENGINEERING DESIGN FILE 

pHg = 5 . 9 6 ~  IO- 4atm 

The maximum concentration for mitigated Hg to compare to the IDLH: 

The emission rate for Hg is: 

0 mg Co-Hg-max = 4 . 2 4 ~  10 - 
3 m 
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0 mg TWAHg = 1 . 8 5 ~  10 - 
3 m 

This exceeds the 10-hr TWA of 0.01 mg/m3 for elemental and 0.03 mg/m3 for allyl-Hg so check 
dispersion from a 20 ft stack. 
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See Figure A.7 for coordinates (the nomenclature of Parnell et a1 is used).Since the origin is set at the 
stack centerline, xSOUrCe and ysource are zero. Also, the y is at midplane and also zero. 

The concentration at point (x,y,z) is (Parnell et a1 2003): 

mi 
u := 15- 

hr 

z := 6ft Hs := 1% y :=m 0 :=45deg 

Note, z is the height of an individual 

.- m Y source .- .- m yrec := loft '(source .- Xrec := loft 

Figure A.7 I 

Worst-case is Class F. For less than 0.2 km. 

a := 15.20% b := 0.8155: c := 4.1667deg d := 0.36191deg 



431.02 
01/30/2003 
Rev. 11 

UnitsOf( X) 
Ti := c - d.ln 

o = 1 . 2 7 ~  lO-lm Y 

mg C H ~  = 0.00342- 
3 m 
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2 
- 1  Y 

o 2  Y e 

0 Ti = 3 . 6 4 ~  10 deg 

b oz:= a,( X ) 
UnitsOf (X) 
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1 oz = 5 . 0 1 ~  10 m 

I 

Thus meeting the TWA-TLV for elemental and allyl- 
Hg at the worst-case position of (10 ft, 10 ft, and 6 ft  
tall individual) in-line with the prevailing SW winds. 
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VIII System Safety 

Examine the kinetics of carbon and sulhr reacting with oxygen. Thermodynamics indicates that the 
reaction is spontaneous in our temperature range, T = 30 - 120°F. The process depends on the mass 
transfer coupled with chemical kinetics that are well known for C/O2 (Levenspiel 1972). For sulhr, 
Calgon Carbon indicated that there should be no problem based on their experience (Ashworth 
2004~). Therefore, the focus is on carbon. 

Asurf is approximately 1000 m2/g, the 
surface area of GAC 

ks kg 

The reaction kinetics are known (Levenspiel 1972): 

- 44000cal 

RT .e 
4.32.1011 

k =  
s f i  

ks in cm/s 

kg is found from the Sherwood number: 

1 1  - -  
3 2  Sh = 2 + 0.6Sc .Re 

To obtain a rough estimate, assume the carbon particles are small enough that Sh = 2 and that difhsivity 
stays constant at: 

2 
Do2 := 0.2- (Thibodeaux 1979) cm 

S 

The GAC particles are 4 x 10 U.S. sieve, a cylinder 4.76 mm x 1.68 mm, use: 

dGAC := 4 . 7 h  

- 1 cm 
k = 8 . 4 ~  10 - 

g S 

1 
1 + -  1 koa = 

kg - 44000cal 

4.32.1011 R g T  
.e JT 
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The rate was plotted at several oxygen concentrations using T as the independent variable. The results are 
shown in Figure A.8. The oxidation rates are very small for all oxygen concentrations at the temperature ranges 
expected (up to 120°F). 

Figure A.8 

GAC Carbon Oxidation vs T and 0 2  

l.OOE+OO 

2 1.00E-04 
!$ 1.00E-06 

1.00E-08 
1.00E-10 

1.00E-02 

v, 1.00E-12 
I; 
E 1.00E-14 
3 1.00E-16 
0 

2 1.00E-18 
1.00E-20 
1.00E-22 

6 Rate, 20% 
Rate, 22% 
Rate, 25% 
Rate, 50% 

x Rate, 75% 
Rate, 100% 

0 200 400 600 800 
T, O F  
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Nomenclature 
a,b,c,d Constants, various 
a/6 
A Area 
C Concentration 
Cair Virtual air velocity 

CL Liquid concentration 
D Diameter 
df Degrees of Freedom 
DF Decontamination factor 
Dimp Impeller diameter 
Dtk Tank diameter 
E Entrainment, emission rate 
Fd Displacement liquid flow 
fi Error factors for VOCs 
foc Fraction organic carbon 
fsafety Safety factor, mass transfer 

Ratio from hole theory of liquids 

Gas concentration cg 

Gravity conversion 
Gravity acceleration 
Mass velocity 
Height, Plank's constant 
Henry's constant, stack height 
Dimensionless Henry's constant 
Dimensionless concentration 
Solid-liquid partition coefficient 
Mass transfer coefficient 
Gas-GAC partition coefficient 
Gas phase transfer coefficient 
Inverse Henry's (i.e. solubility) 
Liquid phase mass transfer coefficient 
Solid reaction rate coefficient 

KoaLa Overall mass transfer coefficient 
KO, Organic carbon partition coefficient 
KO, Octanol-water partition coefficient 
L Loading 
m Moles 

M 
M w  
n 
N 
NAV 
Pi 
P 
pow 

Q 
Qd 
QL 

QT 

q 

Qs 

Qv 
r 
R 
R2 
Re 

Rg 
%tar 
s c  
Sh 
t 
T 
Tb 
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Mass 
Molecular Weight 
Number of something 
Impeller speed 
Avogadro's Number 
Partial pressure of i 
Pressure 
Power 
Isotherm, mL/g 
Flow rate, Dimensionless q 
Displacement gas flow 
Gas leak flow 
Sparge gas flow 
Total gas flow 
V-Tank Vent flow 
Rate 
Retardation factor, gas constant 
Correlation coefficient 
Reynolds number 
Gas constant 
Volume per mole 
Schmidt number 
Shenvood number 
Time 
Temperature, 1/2 Pasquill 0 
Boiling temperature 

TINV() EXCEL worksheet hnction 
Wind velocity 
Velocity 
Retarded velocity 
Guess vector 
x data vector 
y data vector 
Volume, molar volume 
Gas volume 
Liquid volume 
Molar volume 
ppm or Mole fraction of i, gas 
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Constants 
v/R 
Spacing factor, liquid 
Free Energy of Activation 
Pressure drop 
Efficiency 
Wind angle 
Stripping factor 
Viscosity 
Density 
Horizontal dispersion 
Vertical dispersion 
Residence time 
Gassed power number 
Heavyside step hnction 
Probability, transformed variable 
Mole rate, mass transfer 
Emission rate 
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Appendix B 

Air Stripping of VOCs from Slurries in a 
Batch Air-Sparged, Agitated Tank 
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Appendix B 

Air Stripping of VOCs from Slurries in a 
Batch Air-Sparged, Agitated Tank 

B-I. BACKGROUND 

Chlorides represent a potential materials corrosion problem for treating V-Tank wastes. If chlorinated 
VOCs are stripped out prior to any treatment (for PCB, BHP, etc.), the residual chloride level is reduced 
to 100-200 mg/L. This document attempts to explain some of the complicating factors associated with 
stripping, provide justification for testing methodology, and to provide initial estimates for laboratory 
conditions. Further, it discusses the methods of obtaining required mass transfer coefficients for scale-up 
to apply to the hll-scale system. 

B-2. I NTRO D U CTI 0 N 

Figure B-1 shows a transfer from mole fraction xA in the bulk liquid to an interface at xA1. Figure B-2 
illustrates the driving force concepts. This is called the liquid phase transfer and is designated as: 

At the interface, the liquid and gas are in equilibrium such that: 

The transfer continues as long is there is a driving forcer from yA1 to yA. If the rates are low' (Thibodeaux 
1979), then the gas transfer is designated as: 

These two rates are equal and designated N A .  There are two overall relations that can be used 
interchangeably depending on the ease of use. These are based on virtual or non-existent liquid 
concentration in the vapor (x: = yA/H) and vapor concentration in the liquid (y: = x ~ H ) ~ :  

N A  = K; ( X A  - x;) 

Adding the differences, K is found, hence: 

(4) 

( 5 )  

I. If there is no driving force, the curves are flat and the gas is in equilibrium with the liquid 

'. Otherwise, the mass transfer coefficient may be a function of the mass transfer rate. 

. Note that although these are virtual, they are used extensively in mass transfer. 
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Since yA1 = H’xA, and YA = H’x: and canceling the NA’s: 

1 1  - 1 ---+- 
KL kL H ’ k ,  

A similar derivation can be done for the gas phase with the result being: 

1 1 H ’  
---+y - 

KG kG k.L 
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(7) 

Figure B-1 . Interphase Mass Transfer, Stripping. 
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Figure B-2. 

An analogue can be found using concentrations with appropriate Henry's Law constants and mass transfer 
coefficients, i.e.: 

For VOC's, the liquid phase is normally controlling". Further, the areas needed for an actual molar flow 
rate are difficult to determine and are usually lumped together. 

Where the "a" is the specific area of bubbles per volume of batch tank. 

An analogous method is performed for the solid to liquid transfer as shown in Figure B-3. 

". Note, some use KL and kL interchangeably. 
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Where CA** = XAkD, with kD being the distribution coefficient. A relation is needed for the **'s. The 
XA** needs to be is molkg or mg/kg so that: 

** P A ~ D  
X A  =- 

H 

Likewise with CA* 

c; = P A  
H 

The method of finding the overall coefficient based by necessity on the liquid coefficient is: 

""=-(XA 1 

As discussed previously, there is a need for areas to obtain molar or mass rates: 

1 1 +-+- 1 - - 
1 

KoaLaoa kDksa' kLa HkGa 
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X 

Y 
Solid Liquid c,s Vapor 

PI 

Figure B-3. Overall Transfer. 

B-3. ESTIMATING RATES FROM CORRELATIONS 

Solids-Free Water. For solids-free water and liquid rate limiting, the following is found: 

dC 
- = k,a(C - C * )  
dt 

Since both quantities vary, need a relation between C and C*. The instantaneous mass transfer is: 

u) = k,aV(C - C * )  

Since the pressure fraction = volume fraction: 

If it is assumed that 03 << a,,,, then (27) becomes: 

E ,  k,aV(C - p I H )  
P 0 ai? 

k,aVPHC - k,aVPC 
- - 

Heal,, + k,aVP oa1,, 
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The above (29) indicates that p is small and p/H (C*) is smaller and can be neglected in (24) for some 
cases. 

If the assumption in (28) cannot be made: 

-b-,/b2-4xC 

2x 
P =  

The mass transfer coefficient is dependent on the physics of the system and not the concentration or the 
mass transfer rate at low rates. The general correlation has been found to be: 

P 

k L a = a [ g )  v: 

The constants a, p, and y in (3 1) vary depending on the reference but based on several references (Perry 
& Green, 1984, Harnby et a1 1992), it is recommended that: “a” be found by experiment, p and y from 
Harby or Perry’s. Without any experimental data, it is recommended that “a” take one of the values for 
non-ionic liquids for this particular case. 

Several other correlations were found that indicate the kLa from Perry’s is applicable, that is if testing on 
the actual waste cannot be done. The literature includes: 

Van’t &et (Van’t &et 1979) that appears to be the original data quoted by Perry’s 

Yagi et a1 1975 

Valentin 1967 

Hocker et a1 198 1 

Zlokarnik 1978 

Using the calculated kLa, the time is found by integrating (24): 

Solids-Containing Water. For the case of solids containing VOCs in addition to the liquid, the overall 
coefficient needs to be used in terms of the liquid: 

= KoaLaoa (C** - C * )  dC** 
dt (33) 

(34) 
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1 

kDk,a' kLa 
1 +- KoaLaoa = 1 

Where 

From Chrysikopoulos et a1 2003 it is found that Kp levels out at about 0.06 cm/h shown in B-4 (the liquid 
velocity from mixing in an air-sparge, agitated system past a particle is expected to exceed this). 
However, it's not an equivalent analogue. Braida (Braida and Ong, 2000) correlated the ks with the 
Shenvood number for air flowing through porous particles that may be a better analogue: 

k,n'di 
Sh = ~ 

D 

The Sherwood number for like-kind systems is (see Oldshue 1983, Harnby 1992) : 

Sh = 2 + 0.72Rey2 Sc'I3 

This becomes 2 as dp +oo so (37) can be set to 2 and obtain: 

2 0  
a 'd i  

k, =- 

The specific surface area (a') can be calculated based on the mmpd, 144 mp. 

= 3.7m2 lkg 5200m2 lm3  - - 
3 * 0.5 - a=-  I 3(1 -4  - 

2Dpps 2 * 144xw6  p, 1.4kglL 

The time to remove is then entirely analogous to the solids-free water system shown in (32) 

(37) 

Figure B-4. Solid mass Transfer Coefficient. 



431.02 
01/30/2003 
Rev. 11 

ENGINEERING DESIGN FILE EDF-4956 
Revision 1 

Page 118 of 132 

Determine the ks from (38). The diffusion coefficient for TCE is D = 9 . 1 ~ 1 0 . ~  cm2/s. 

2*9.1x10-~crn~ I s  

3.7rn2 /kg*(O.O144~rn)~ 
k ,  = = 2 . 3 7 ~ 1 0 - ~ k g / r n ~  I s  

Using the kLa from Perry's" (Perry & Green 1984) 

0 4  

kLa = 0 . 0 2 6 [ k ) 0 4 v 0 5  = 0 . 0 2 6 ( L )  .001m3 (2.3x10~4rnlss)u5 = 2.5~10-~s- '  

+- + 
k,k,a' k,a 6 4 L / k g * 2 . 3 7 ~ 1 0 - ~ k g I m ~  l s * l ~ ~ m ~  l L  *5200m2 l m 3  2 .5~10-~s- '  

The above indicates that only the resistance from liquid is needed. 

B-4. LABORATORY ANALYSIS 

The best method is to find the constants in (3 1) for solids-free water. Then, kLa is known for any 
condition for this water and can be used for scale-up. The solids-water system coefficient (k,) would then 
be found from the overall coefficient. These types of tests would provide a fairly high degree of 
confidence in the scale-up to the actual system being procured since the correlation is not known for ks. 

If only a single test can be done based on vapor space analysis, a fairly crude but useful Koa can be found. 
Also, it is recommended to use (3 1) for the scale-up with "a" determined from the single test and 
assuming the Koa is correlated by (3 1). Similar to (26): 

The mass transfer is normally much smaller than the molar air rate, 03 << ma,, so that: 

Solving for X: 

v. For the assumed laboratory apparatus. 
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Using (34): 

Based on (43), plotting ln(p) versus t will result in a straight line with the following slope: 

Slope = -Koaaoa [I - (44) 

It may be that HT >> kD so that this last term can be dropped within the experimental error bounds. The 
stripping depends on Henry’s Law constant as shown in (38). If kD/HT 2 1, then no stripping occurs and 
the air flow is increased to obtain stripping. 

If the assumption in (4 1) cannot be made, a complicated polynomial function results that will require 
evaluation. 

B-5. NOMENCLATURE 

a 

a’ 

Bubble specific surface area, m2/m3 

Particle specific surface area, m2/m3 

Overall specific surface area, m2/m3 

Concentration, mol/L 

Non-existent liquid concentration in vapor, mol/L 

Non-existent liquid concentration in solid, mol/L 

Molecular diffusion, cm2/s 

Henry’s Law constant, L-atm/mol 

Henry’s Law constant, mol frac/mol frac 

Solid-liquid distribution coefficient, L/kg 

Individual gas phase coefficient, m / s  

Individual liquid phase coefficient, m / s  

Liquid phase combined coefficient, s-’ 

Individual gas phase coefficient, mol/m2-s 

Individual liquid phase coefficient, mol/m2-s 

Overall coefficient based on gas, m / s  

Overall coefficient based on gas, m / s  

Overall coefficient based on gas, mol/m2-s 
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Overall coefficient based on gas, mol/m2-s 

Overall mass transfer coefficient, m / s  

Mass solids, kg 

Partial pressure, atm 

Pressure, atm 

Reynolds number, particle 

Schmidt number 

Shenvood number 

Liquid volume in tank, L 

Solids concentration, mol/kg 

Non-existent solid concentration in liquid, mol/kg 

Non-existent solid concentration in gas, mol/kg 

Scaling constants 

Stripping parameter, solids 
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Vendor I n fo rm a t i o n 
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TION UNIT (SP-505A~ 
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unit 99.97~0 

Code: FM34 

Shipping weight: 180 pounds 

The SP-505A HEPA filtration unit has the highest flowrate and static pressure rating 
available for a unit of its size and weight Delivering over 515 CFM flow at 1" of static 
pressure, the SP-505A outperforms anything in it's category and sets the standard for high 
quality air cleaning equipment in a small, highly mobile package the handtruck configuration 
allows operation in either a horizontal or vertical position and facilitates moving and locating 
the unit close to the work site thereby eliminating the necessity for long lengths of flex duct 

A high flow portable, filter/blower unit providing high efficiency particulate air filtration wtth the 
following attributes 

Integral stainless steel frame, blower mount and filter retdiner assembly capable of operating 
in either a honzontal or vertical position 
Motor, 3/4 horsepower 3450 rpm, 11 5 vac, single phase, 9 6 amp 
Blower, direct drive, non-overloading, with back curved blades and aluminum housing and 
wheel Rated at 5 15 CFM at 1" sp g and 210 at 6" sp g 
Manual starter switch wth thermal overload mounted in a NEMA 1 enclosure and equipped 
with 15' service cord 
HEPA filter, metal framed, 14" x 14" x 17" long with integral inlet plenum and inlet 
connector for 6" Dia flex duct Filter rated at 300 CFM @ 1" sp wg and 99 97 efficient for 
0 3 micron particles DOP test at 100% and 20% of rated flow 
Prefilter, 2" thick x 12 5" x 12 5" multi-density polyester 
Magnehehc gauge, 0-10" water gauge, minihelic type 
Dimensions 3s" long x 19" highx 19" wde 

1. 

2 
3 

4 

5. 

6 
7. 
8 
9 Weight approx 80 Ibs 

Options: 

0 

e 

0 

Slide gate flow control on blower discharge, PA! AM-08 
Loss of flow alarm, P A  6ro7 
Custom inletloutlet sizes available, call for details 

Spare parts: 

0 HEPA filter AK-36 
e Prefilter AK-37 
0 Minihehc gauge AR-I 3 
0 Motoriblower AL-19 
0 Starter switch AV-3 I 
* WheelHB-08 
0 Inlet adapter, 6" to 8" CR-04 
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